As adult humans, we are continuously faced with decisions in which proper weighing of the risk involved is critical. Excessively risky or overly cautious decision making can both have disastrous real-world consequences. Weighing of risks and benefits toward decision making involves a complex neural network that includes the dorsolateral prefrontal cortex (DLPFC), but its role remains unclear. Repetitive transcranial magnetic stimulation studies have shown that disruption of the DLPFC increases risk-taking behavior. Transcranial direct current stimulation (tDCS) allows upregulation of activity in the DLPFC, and we predicted that it might promote more cautious decision making. Healthy participants received one of the following treatments while they performed the Balloon Analog Risk Task: (1) right anodal/left cathodal DLPFC tDCS, (2) left anodal/ right cathodal DLPFC tDCS, or (3) sham tDCS. This experiment revealed that participants receiving either one of the bilateral DLPFC tDCS strategies adopted a risk-averse response style. In a control experiment, we tested whether unilateral DLPFC stimulation (anodal tDCS over the right or left DLPFC with the cathodal electrode over the contralateral supraorbital area) was sufficient to decrease risk-taking behaviors. This experiment showed no difference in decision-making behaviors between the groups of unilateral DLPFC stimulation and sham stimulation. These findings extend the notion that DLPFC activity is critical for adaptive decision making, possibly by suppressing riskier responses. Anodal tDCS over DLPFC by itself did not significantly change risk-taking behaviors; however, when the contralateral DLPFC was modulated with cathodal tCDS, an important decrease in risk taking was observed. Also, the induced cautious decision-making behavior was observed only when activity of both DLPFCs was modulated. The ability to modify risk-taking behavior may be translated into therapeutic interventions for disorders such as drug abuse, overeating, or pathological gambling.
Introduction
Decisions require careful weighing of the risks and benefits. Poor decision making, either because of an excessively risky or an overly cautious approach, can have deleterious consequences for health, safety, and financial well being. Adaptive decision making requires, among others, the assessment and selection of risky and less-risky behavioral choices and the prediction and evaluation of the potential outcomes (Ernst and Paulus, 2005) to reach a choice consistent with the individual's personality, goals, and desires.
The study of patients with focal brain lesion has greatly contributed to the understanding of the neural basis of decision making (Bechara et al., 1994; Damasio et al., 1996) and has lead to the elaboration of theoretical models (Damasio et al., 1996) and well designed neuroimaging experiments (Rogers et al., 1999; Paulus et al., 2001; Sanfey et al., 2003) . Clinical and neuroimaging studies reveal the involvement of a distributed bihemispheric, corticosubcortical network in decision making (Ernst et al., 2002; Ernst and Paulus, 2005; Fishbein et al., 2005; Krain et al., 2006; Navqi et al., 2006) . The dorsolateral prefrontal cortex (DLPFC) is part of this network (Manes et al., 2002; Clark et al., 2003) and appears particularly involved in decision making when choices are ambiguous (Krain et al., 2006) .
Neuroimaging studies are useful in establishing correlations between brain activations and risk-taking processes, but they do not provide information regarding whether a given region is necessary to the resulting behavior. Noninvasive brain stimulation techniques, such as repetitive transcranial magnetic stimulation (rTMS), allow the study of the behavioral consequences of an externally induced brain activation or inactivation in healthy subjects, thus establishing a causal relationship between brain and behavior without most of the confounds inherent to natural lesion studies (Rafal, 2001; Robertson et al., 2003) . van't Wout et al. (2005) and Knoch et al. (2006) have used low-frequency rTMS to transiently suppress activity in the DLPFC and provide evidence for its causal role in risk-taking behavior. Transcranial direct current stimulation (tDCS) has some advantages as compared with rTMS because it induces a stronger modulatory effect on brain activity (Nitsche and Paulus, 2001; Romero et al., 2002) , provides better conditions to online testing, and allows for a reliable sham condition (Gandiga et al., 2006) . In addition, anodal tDCS increases excitability in the targeted brain region . These excitability shifts during stimulation are believed to be resulting from subthreshold neuronal membrane depolarization (Nitsche and Paulus, 2000; Liebetanz et al., 2002; Priori, 2003) . The most probable mechanism is that resting membrane modulation is caused by the electrical current flow, which involves opening or closing of voltage-gated ion channels (Purpura and McMurtry 1965; Nitsche et al., 2003a) . This externally induced enhancement of excitability can transiently modulate behavioral performance in healthy humans (Nitsche et al., 2003b; Antal et al., 2004; Kincses et al., 2004; Fregni et al., 2005; Marshall et al., 2005) .
It remains unknown whether upregulating activity using noninvasive brain stimulation could result in more cautious decision making. This is an important issue because a high propensity to risk-taking decision making appears linked to an increased vulnerability for addictive pathological behavior (Epstein et al., 2006) , and noninvasive neuromodulation may thus have potential therapeutic uses in various addiction disorders. Indeed, modulation of cortical excitability in frontal areas can suppress craving for nicotine , food (Uher et al., 2005) , and cocaine (Camprodon et al., 2007) .
The goal of the present study was to modulate decision making by upregulating cortical excitability over the DLPFC in healthy adults. We used the Balloon Analog Risk Task (BART; Lejuez et al., 2002) as a measure of risk-taking behavior. Based on previous findings showing that inhibition of DLPFC activity results in increased risk taking (Knoch et al., 2006) , and enhanced DLPFC activity appears to be associated with decision-making behaviors (for review, see Ernst and Paulus, 2005; Krain et al., 2006) , we hypothesized that modulating DLPFC activity with anodal stimulation would lead to diminished risk-taking behavior. We therefore initially performed an experiment investigating whether bilateral stimulation of the DLPFC (anodal stimulation of the right and cathodal stimulation of the left DLPFC or vice versa) would change risk-taking behavior as compared with sham stimulation (study 1). To explore whether these effects were caused mainly by DLPFC anodal stimulation or, alternatively, whether DLPFC cathodal stimulation was also contributing to the observed effect, we performed a subsequent experiment in which we tested whether unilateral DLPFC stimulation by placing the anodal electrode over either the right or the left DLPFC with the cathodal electrode over the contralateral supraorbital region (rather than the contralateral DLPFC) resulted in a different risk-taking behavior compared with sham stimulation (study 2). Finally, we included the color-word Stroop task as a control experiment to test the possible effect of tDCS over the DLPFC on the neighboring regions, such as the orbitofrontal area, which seems to be involved in inhibitory control functions (Elliot and Deakin, 2005) . A tDCS-induced effect on inhibitory functions would lead to difference in performance on the BART that would not be related to risk-taking behaviors per se; therefore, participants had to perform the Stroop task before and after stimulation.
Materials and Methods
Participants. Thirty-five healthy college students (nine men; mean age, 21.0 Ϯ 2.8 years; two left-handed) participated in study 1, and 12 healthy college students (one man; mean age, 21.7 Ϯ 2.7 years; one left-handed) participated in study 2. Participants were exempt from neurological or psychiatric conditions and were on no chronic medications. None of the participants had contraindications to brain stimulation. All were naive to tDCS, the BART task, and the nature of the experiment and were not explicitly informed of the experimental variable tested. Participants gave informed written consent before entering the study, which was approved by the Mackenzie University ethics committee.
BART. The BART is a behavioral measure of risk taking that has convergent validity with real-world risk-related situations. Specifically, performance on the BART has been correlated with occurrence of real-world risk behaviors (Lejuez et al., 2002 (Lejuez et al., , 2003a , such as substance use , risky sexual behaviors (Lejuez et al., 2004) , and delinquent behaviors (Lejuez et al., 2002 (Lejuez et al., , 2003a Aklin et al., 2005) , as well as selfreport measures of risk-related constructs such as sensation seeking, impulsivity, and deficiencies in behavioral constraints (Lejuez et al., 2002) .
In the BART, participants have to make a choice in a context of increasing risk. Participants are invited to inflate a computerized balloon by pushing a "pump." The balloon can explode at any moment. Participants have to decide after each pump whether to keep pumping and risk explosion of the balloon or to stop. Participants accumulate money in a temporary bank with each pump (five cents for each pump). When the participant decides to stop pumping, the accumulated money is transferred to a permanent bank. However, if the balloon explodes, all of the money accumulated in the temporary bank is lost. Therefore, the probability of losing the money, as well as the potential loss (i.e., the amount of money), increases with each pump. Each balloon has a different explosion point. There are a total of 30 trials (balloons). For more details on the BART, please refer to Lejuez et al. (2002) .
tDCS. Direct current was induced by two saline-soaked surface sponge electrodes (35 cm 2 ) and delivered by a battery-driven, constant-current stimulator. The device used, developed by our group, is particularly reliable for double-blind studies: a switch can be activated to interrupt the electrical current while maintaining the "ON" display and showing the stimulation parameters throughout the procedure to the experimenter and participant. For technical details, contact P. S. Boggio at sboggio@colband.com.br.
In study 1, participants were randomly assigned to receive either active stimulation with the anodal electrode over the right DLPFC and the cathodal electrode over the left DLPFC (referred to as "bilateral DLPFC anodal right/cathodal left" group; n ϭ 10; one man), active stimulation with the anodal electrode over the left DLPFC and the cathodal electrode over the right DLPFC (referred to as "bilateral DLPFC anodal left/ cathodal right" group; n ϭ 10; five men), sham stimulation (n ϭ 10; three men), or no stimulation (baseline condition; n ϭ 5; one man). Because we hypothesized a priori that performance in the BART during sham stimulation would be no different than in the "no stimulation" condition, we tested only five participants in this latter condition. For stimulation over the left DLPFC, the anodal electrode was placed over the left F3 (international EEG 10/20 system) and the cathodal electrode over the right F4. For stimulation of the right DLPFC, the polarity was reversed: the anode was placed over the F4 and the cathode over the F3. For the sham stimulation, the electrodes were placed at the same positions as for active stimulation (F3 and F4), but the stimulator was turned on only for 30 s. Thus, participants felt the initial itching sensation associated with tDCS, but received no active current for the rest of the stimulation period. This method of sham stimulation has been shown to be reliable (Gandiga et al., 2006) .
In study 2, participants were randomly assigned to receive active stimulation either with the anodal electrode over the right DLPFC and the cathodal electrode over the left supraorbital area (referred to as the "unilateral DLPFC anodal right" group; n ϭ 6; zero men), or with the anodal electrode over the left DLPFC and the cathodal electrode over the right supraorbital area (referred to as "unilateral DLPFC anodal left" group; n ϭ 6; one man). This electrode arrangement (anodal electrode over one DLPFC with the cathodal electrode over the contralateral supraorbital area) is thought to induce unilateral modulation of one DLPFC and has been shown effective in various studies Fregni et al., 2005) . For anodal stimulation over the left DLPFC, the anodal electrode was placed over the left F3 and the cathodal electrode over the right supraorbital area (international EEG 10/20 system). For anodal stimulation over the right DLPFC, the anodal electrode was placed over the right F4 and the cathodal electrode over the left supraorbital area.
For active stimulation, in both study 1 and study 2, participants received a constant current of 2 mA intensity. Previous studies have shown that this intensity of stimulation is safe and can be more effective than 1 mA stimulation (Iyer et al., 2005; Boggio et al., 2006) . tDCS started 5 min before the task began and was delivered during the whole course of the BART, which lasted Ͻ15 min (Fig. 1) .
The BART was conducted in an experimental room including a personal computer and the tDCS equipment. Instructions for the BART task were written so that all participants received the same instructions, and participants were invited to ask any question they may have after reading. They were given no precise information about the probability of explosion or the total amount of money acquired from previous participants. Participants were told that the subject with the highest amount of money would receive a gift certificate corresponding to 35 dollars.
Stroop task. To test the possible effect of tDCS on motor impulsiveness (i.e., the ability to inhibit a prepotent response), participants performed the Stroop task before and after stimulation. We measured Stroop interference, which is characterized by a slower response in naming incongruent words (i.e., the word "red" printed in green ink) compared with color congruent words (Stroop, 1935) . Based on previous findings that lowfrequency rTMS over the DLPFC results in no effect on Stroop interference (Vanderhasselt et al., 2006; Wagner et al., 2006) , we expected that tDCS over the DLPFC would have no effect on Stroop interference.
Data analysis. The main outcome measure was the adjusted number of pumps (i.e., number of pumps for balloons that did not explode), which has been advocated as the preferred dependent measure for the BART because it avoids the constraints on individual differences that occur on trials with explosions (for which there is a fixed limit of potential pumps) (Lejuez et al., 2002; Aklin et al., 2005) . We also calculated the total amount of money earned. Moreover, because BART was performed during stimulation, we calculated the time course of these two measures (adjusted number of pumps and total amount of money earned).
Three participants (one in the bilateral DLPFC anodal right group, one in the bilateral DLPFC anodal left group, and one in the sham group) were excluded as outliers (2 SD above or below the mean of the group for the adjusted number of pumps). Statistical analyses were performed using SAS statistical software (version 9.1; SAS Institute, Cary, NC).
In study 1, we first compared data from the two control groups (sham stimulation and baseline). Results revealed no significant difference between the two groups in either outcome measure (ANOVA; adjusted number of pumps, p Ͼ 0.1; the amount of money earned, p Ͼ 0.1). Therefore, data from the two control groups were collapsed and then compared with those of the two groups with active stimulation. These data were submitted to a mixed linear model in which the dependent variable was the average score of each of the two outcome measures (adjusted number of pumps, total amount of money earned) using the covariate of group (bilateral DLPFC anodal right, bilateral DLPFC anodal left, sham stimulation). In addition, we performed a mixed linear model with the covariates of group, time (10 first balloons; 10 s balloons; 10 last balloons), and interaction between group and time of each of the two outcome measures.
To investigate whether unilateral DLPFC stimulation might be sufficient to induce changes in decision-making behaviors, we then performed a mixed linear model in which the dependent variable was the average score of each of the two outcome measures using the covariate of group (from the two studies: bilateral DLPFC anodal right, bilateral DLPFC anodal left, sham stimulation, unilateral DLPFC anodal right, and unilateral DLPFC anodal left). We also performed a mixed linear model with the covariates of group (from the two studies), time, and interaction between group and time for each of the two outcome measures (adjusted number of pumps, total amount of money earned). If appropriate, post hoc analyses were performed with correction for multiple comparisons. Results with a p value Յ0.05 were considered significant for all statistical analyses.
Results
None of the participants experienced adverse effects during or after tDCS. Participants perceived a slight itching sensation under the electrodes during approximately the first 30 s of stimulation. Subjects in the sham stimulation group were truly blinded to the nature of stimulation, reported the same initial itching sensation, and when explicitly asked, believed to have undergone real stimulation. There was no significant difference in the amount of time needed to perform the BART between the five groups of stimulation (F (4,39) ϭ 2.46; p ϭ 0.06).
Study 1
The goal of study 1 was to investigate the effects of DLPFC modulation on decision-making behaviors. Examination of the BART data (the average number of pumps on balloons that did not explode) indicates a main effect of group (F (2,29) ϭ 7.90; p ϭ 0.002). As illustrated in Figure 2a , participants who received bilateral DLPFC anodal right or bilateral DLPFC anodal left stimulation, pumped less number of times than participants who received sham stimulation.
We also observed a significant interaction between group and time (F (6,58) ϭ 3.62; p ϭ 0.0041). Participants who received sham stimulation showed a substantial increase in risk taking with time (they pumped more balloons toward the end as compared with the beginning of the experiment), as shown in Figure 2b . In contrast, participants receiving real stimulation only showed a small increase with time.
For the total amount of money earned, there was a significant group difference (F (2,29) ϭ 13.29; p ϭ 0.001), and in a subsequent model, we observed a significant interaction between group and time (F (6,58) ϭ 6.40; p Ͻ 0.001). Figure 3 shows that participants receiving bilateral DLPFC anodal right or bilateral DLPFC anodal left stimulation earned less money compared with those receiving sham stimulation.
We performed an additional analysis to explore whether there was a difference between the two groups receiving active stimulation (bilateral DLPFC anodal right or bilateral DLPFC anodal left) on the main outcome measure. We found no significant difference between the two groups for the adjusted number of pumps ( p Ͼ 0.6).
We tested a possible impact of gender on decision making. There was no significant difference between women receiving real stimulation over the left or right hemisphere ( p Ͼ 0.8), or between men and women receiving real stimulation over the right DLPFC ( p Ͼ 0.9) for the adjusted number of pumps. Comparison between men and women receiving stimulation over the left hemisphere was not possible because of the small sample size.
The results of the Stroop task (our control condition) showed a trend effect of time of assessment on performance (repeatedmeasures ANOVA; p ϭ 0.064), reflecting faster color naming on the second assessment in all groups, likely because of repeated testing (Fig. 4) . No significant group difference ( p Ͼ 0.7) or interaction between time and group ( p Ͼ 0.8) were observed.
Study 2
The goal of this study was to test whether unilateral DLPFC stimulation might be sufficient to modulate decision-making behaviors. We found a main effect of group (F (4,39) ϭ 4.23; p ϭ 0.0062) for the average number of pumps on balloons that did not explode. Participants with bilateral DLPFC tDCS with an anode over the right or the left DLPFC pumped less number of times than participants who received unilateral DLPFC tDCS with an anode over the right or the left DLPFC and those with sham stimulation (Fig. 2a) . In addition, the average number of adjusted pumps was significantly different with regards to time (F (2,78) ϭ 13.89; p Ͻ 0.0001), whereas the interaction between group and time did not reach significance (F (8,78) ϭ 8.83; p ϭ 0.3702). As shown in Figure 2b , all participants showed an increase in risk taking with time (they pumped the balloons more times toward the end as compared with the beginning of the experiment). For the total amount of money earned, we also found a significant group difference (F (4,39) ϭ 6.27; p ϭ 0.0005) and an effect of time (F (2,78) ϭ 25.64; p Ͻ 0.0001), but no significant interaction between group and time (F (8,78) ϭ 1.02; p ϭ 0.4295) (Fig. 3a,b) .
Discussion
Overall, we found that participants receiving bilateral DLPFC tDCS with an anodal electrode over the right or the left DLPFC (with cathodal electrode over the homologous area of the contralateral hemisphere) displayed a conservative, risk-averse response style, making fewer pumps on the BART than those with sham stimulation and those with unilateral DLPFC stimulation (either right or left anodal electrode stimulation of the DLPFC with cathodal electrode over the contralateral supraorbital area). This difference between groups in decision making increased with time: participants receiving sham stimulation showed a progression toward making significantly more pumps as the task progressed, whereas those receiving bilateral DLPFC tDCS with anodal and cathodal tDCS over the right or the left DLPFC only modestly increased their number of pumps. Our findings support previous evidence showing that the DLPFC is causally involved in modulating decision making. In addition, this is the first study showing that neuromodulation can actually lead to more cautious choices in decision making in healthy subjects. van't Wout et al. (2005) found that suppression of activity in the DLPFC using low-frequency rTMS resulted in an altered decision-making strategy. Specifically, they observed that as compared with sham stimulation, real rTMS to the right DLPFC resulted in accepting more frequently unfair offers and taking longer to refuse unfair offers. More recently, Knoch et al. (2006) reported that suppression of activity in the right but not the left DLPFC with low-frequency rTMS made participants choose high-risk prospects more often. Our results are partially in line because anodal stimulation over the right DLPFC and cathodal stimulation over the left DLPFC induced changes in the risktaking behaviors. However, cathodal stimulation over the right and anodal stimulation over the left DLPFC also induced a decrease in risk-taking behaviors. In both groups, participants with enhanced activation of the DLPFC adopt a risk-averse response style. These apparently contrary results from both studies might be because of the task and the method of stimulation involved.
In the present work, bilateral DLPFC tDCS (regardless of whether the anode was placed left or right) effectively modulated decision making. Enhancing DLPFC activity diminished risktaking behaviors but only when coupled with an inhibitory modulation over the contralateral DLPFC. Unilateral DLPFC excitatory stimulation (with the cathodal electrode over the contralateral supraorbital area) was not sufficient to modulate decision-making behaviors. One possible explanation is that the effects are mediated by the balance of activity across the hemispheres and that tDCS exerts its effect by altering the relative balance of the two DLPFCs: relative hyperactivation of one DLPFC and suppression of cortical excitability of the contralateral DLPFC. There may be a critical cross-hemisphere interplay between the right and left DLPFC during decision making that is altered by the bilateral electrode placement. In contrast, when either DLPFC is targeted alone, the effects are lost. Finally, because no effect on decision-making behaviors was observed when stimulation was restricted to one DLPFC (anodal electrode over one DLPFC with the cathodal electrode over the contralateral supraorbital area), an electrode arrangement that appears to be effective for DLPFC stimulation and for stimulating the contralateral frontopolar cortex Fregni et al., 2005) , this suggests that the frontopolar cortex is not involved in decision-making behaviors as tested in the present study.
Decision-making tasks can be divided into those involving risk and those involving ambiguity . Decisions involving risk reflect situations in which probabilities are known and the lower probability outcome is worth more than the higher probability outcome. In contrast, in decisions involving ambiguity, the probabilities are unknown. Some researchers, such as Krain et al. (2006) , add an additional criterion for ambiguity, in which the rewards associated with the two choices are equal. However, this second criterion is not universally applied, and a condition of ambiguity can be viewed as any situation in which the likelihood of one or more of the payoffs occurring is not fully specified (Smith et al., 2002; Zak, 2004) . The BART meets this broader definition of an ambiguous decision in that one of the choices (to make another pump) has unknown probabilities. At each decision point, the participant has to make a decision between a chance for an incremental gain or potentially larger losses with unknown probabilities versus a 100% certainty of no loss but no additional gain. The meta-analysis from Krain et al. (2006) , which includes thirteen neuroimaging studies, suggests the preferential involvement of the orbitofrontal cortex in risky decision making, whereas the DLPFC appears to be more strongly involved in ambiguous decision making. Our results support findings from Krain et al. (2006) , indicating that the DLPFC plays a role in ambiguous decision making.
Conflicting results have been reported regarding the relative contribution of the right and the left DLPFC in decision-making behaviors. It has been reported that patients with a unilateral ventromedial prefrontal cortex lesion to the right hemisphere display abnormal risk-taking behavior as compared with those with a lesion in the left hemisphere and healthy subjects (Tranel et al., 2002) . However, two recent studies with a greater sample size observed that patients with lesions to the left ventromedial prefrontal cortex also display abnormal risk-taking behaviors (Clark et al., 2003; Fellows and Farah, 2005) . In addition, the recent meta-analysis of Krain et al., (2006) revealed that risky and ambiguous decision making elicited activity bilaterally in the prefrontal cortex (mainly orbitofrontal and DLPFC).
In the present study, we found no differences in the left-sided and right-sided effects of tDCS on risk-taking behavior, whereas Knoch et al. (2006) found that right-sided but not left-sided rTMS had an impact on performance in the risk task. One possible explanation for this discrepancy in results is the task used. The risk task tested by Knoch et al. (2006) involves the contrast of differentially sized rewards under conditions where the probability is known, but the BART involves selection under conditions of ambiguity. It is plausible that only the right hemisphere plays a role in the risk task, whereas both hemispheres influence the ambiguity situation. An alternative explanation for the differential findings after left DLPFC stimulation between the two studies is the nature of stimulation (tDCS vs rTMS) and the direction of modulation (facilitation vs inhibition). Finally, the left-sided effect might be because of a gender difference. Some studies have reported that right-sided prefrontal lesions could yield to defects in men's but not women's social conduct, emotional processing, and decision making . This may suggest that there might be laterality differences for risk-taking impact of DLPFC stimulation in men and women. Specifically, modulation of decision-making behaviors might be greater for men receiving stimulation over the right hemisphere but greater for women receiving stimulation over the left hemisphere. However, our results indicate that the effect of stimulation over the left DLPFC was not entirely driven by women participants, because there was no significant difference between women receiving stimulation over the left or the right hemisphere. Although we did not find a gender difference in the BART measures, the ratio between men and women was not 50:50. Additional studies should specifically explore whether there is a gender difference in decision making in regards to stimulation.
In general, under conditions of ambiguity, healthy humans show a risk-averse response style, often forgoing potential rewards in favor of a sure thing. This is indeed the case with the BART, where most people perform in a manner that is suboptimal because of an overly conservative risk-averse response style. Over time, performance tends to change, and with continued play, subjects become more willing to increase their risk. In our study, all participants show such a trend. However, participants with bilateral DLPFC stimulation (with anodal and cathodal electrodes over the right or left DLPFC) showed only a modest increase in the number of pumps as compared with participants with sham stimulation. In the BART, the probabilities can only be estimated through trial and error learning by playing of the game itself. Therefore, early decisions must be made under a high degree of uncertainty, and may therefore emphasize ambiguity tolerance and aversion, whereas in later trials, when the probabilities may be approximately known, the task may start to reflect tolerance or aversion for making lower probability choices to gain a larger reward (i.e., decisions based on risk). Participants receiving active modulation of bilateral DLPFC may be performing in such an ambiguity-averse manner that they fail to gain a good approximation of the actual probabilities of the explosion of the balloon. It is also possible that the initial risk-averse style displayed by participants receiving active modulation of bilateral DLPFC may propagate to later trials because they do not get much opportunity to get a more informed estimate of the probability of explosions. In other words, the stimulation appears to produce such a risk-averse bias that it prevents the participants from acquiring information that would lead to a more optimal response strategy.
An intriguing interpretation of these data are that participants in the sham stimulation group were not necessarily more risktaking but instead performed at a more optimal level. Indeed, participants receiving active stimulation earned significantly less money than those receiving sham stimulation. The most likely explanation for this finding is that earning less money in the BART is intrinsically related to the smaller number of times the balloons have been pumped. As shown in previous studies, the more risk taking the participants, the more money they earned (Lejuez et al., 2003a) . In that sense, in healthy participants, anodal tDCS over the DLPFC coupled with cathodal stimulation over the contralateral DLPFC may actually be detrimental to certain specific behaviors (as seen here in the amount of money earned on the task), because risk taking in this case might not be, per se, maladaptive. Interestingly, smokers earn more money than nonsmokers, using the BART (Lejuez et al., 2003a) . However, at the other end of the spectrum, findings from van't Wout et al. (2005) and Knoch et al. (2006) suggest that inhibiting activity in the right DLPFC results in making the wrong decision more often (i.e., accepting more frequently unfair offers) (van't Wout et al., 2005) and taking excessive risks that lead to less gain (Knoch et al., 2006) . Here, participants made safer choices, resulting in earning less money.
The low spatial resolution of tDCS is an inherent limitation of this noninvasive brain stimulation technique. Stimulation of the DLPFC may coactivate other frontal regions such as the orbitofrontal/ventromedial cortex because they are densely interconnected (Ghashghaei and Barbas, 2002) and spatially close. The orbitofrontal region appears to be especially involved in inhibitory control functions (Elliot and Deakin, 2005) but the effects on risk taking reported here seem unlikely to be because of distal impact on this region. If this were the case, we would have expected a between-group difference in task completion duration if abnormal inhibition were present, which was not the case. In addition, no group difference on the Stroop interference task was observed after stimulation. This is in line with previous studies that have shown no effect on Stroop performance after highfrequency rTMS over the left DLPFC (Vanderhasselt et al., 2006; Wagner et al., 2006) .
Although a control task for motor impulsiveness was included in the experiment, no second task to control for DLPFC activation was included, and we thus cannot rule out the possibility that the effects observed might be because of other DLPFC functions (such as working memory, sequencing ability, planning ability, etc.). Additional studies should include such control tasks to further clarify the underlying mechanism for the observed effects and provide additional insights regarding anatomical and functional specificity of the stimulation.
Our results support the investigation of modulation of DLPFC for treatment in pathological high-risk takers, such as individuals with addiction. Patients with addiction show excessively risky decision making (Grant et al., 2000; Bechara et al., 2001; Epstein et al., 2006 ) that can be captured by the BART (Lejuez et al., 2003a) . Functional neuroimaging studies have revealed fairly consistent data indicating abnormal activity in the prefrontal cortex, including the DLPFC, in individuals with nicotine, drug, and food craving (Maas et al., 1998; Goldstein and Volkow, 2002; Wilson et al., 2004) . Preliminary studies suggest that neuromodulation of activity in the DLPFC can diminish craving for nicotine , cocaine (Camprodon et al., 2007) , and food (Uher et al., 2005) . Of particular interest, such therapeutic applications require multiple sessions of stimulation of consecutive days. The effects of stimulation on behavioral measures (such as the BART) may provide a predictive marker of desirable therapeutic outcomes. Our results showed that bilateral modulation of DLPFC modified risk-taking behavior significantly. Additional experiments are warranted to explore the effects of cathodal stimulation over the DLPFC coupled with anodal stimulation over other brain areas (e.g., supraorbital region), as well as using different electrode sizes for the reference electrode, such as 100 cm 2 (Nitsche et al., 2007) , on risk-taking behaviors.
